新しく開発されたフッ化物配合歯磨剤使用後の少量洗口が唾液中フッ化物濃度に与える影響 by 大澤 多恵子
215
International Journal of Clinical Preventive Dentistry Volume 9, Number 4, December 2013
Effects of Low-volume Mouth Rinsing after Toothbru-
shing with Newly Developed Fluoride Dentifrice on 
Salivary Fluoride Concentrations
Taeko Osawa, Wenqun Song, Kazuaki Kawamura, Hirohisa Arakawa
Department of Oral Health, Graduate School of Kanagawa Dental College, Yokosuka, Japan
Objective: To investigate the effects of low-rinsing volume after toothbrushing with fluoride dentifrice (paste and gel denti-
frice, 950 ppm F, new products with cationated cellulose and original products) on salivary fluoride retention.
Methods: Subjects comprised seven adults with a mean age of 40.8 years. Experimental groups were 1: New paste, rinse 
once with 15 ml of water, 2: New paste, rinse twice with 25 ml of water, 3: New paste, rinse four times with 30 ml of water, 
4: Original paste, rinse once with 15 ml of water, 5: New gel, rinse once with 25 ml of water, 6: New gel, no rinsing, 7: 
Original gel, rinse once with 25 ml of water. They brushed their teeth for 3 min 30 s with 0.5 g of each dentifrice, after 
which six samples of unstimulated whole saliva were collected from immediately after brushing (0 min) to after 150 min. 
Results: A statistical test for the AUC in group 1-4, fluoride retention was significantly higher in group1 and 4 (p＜0.01). In 
group 5-7, fluoride retention was highest in group 6 (p＜0.001). As a result of multiple regression analysis with the AUC con-
cerning the factors influencing salivary fluoride concentration, volume of water, baseline salivary fluoride and the amount of 
fluoride remaining in the mouth were selected as explanatory variables.
Conclusion: For both the new and original products, larger rinsing volume and more number of rinses significantly reduced 
salivary fluoride retention after toothbrushing with fluoride dentifrice, yield to reduction of their cationated cellulose effects. 
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Introduction
　Fluoride-containing dentifrice first came into use as a 
home-care product in the 1940s, and in the 21st century, is used 
by an estimated 1.5 billion people worldwide (1). It is regarded 
as having made the greatest contribution to the global-scale de-
cline in caries since the 1970s (2). Many studies have shown, 
however, that the caries-suppressing effects of fluoride denti-
frice are greatly affected by post-brushing methods of mouth 
rinsing, including the number of rinses and the volume of water 
used. In a three-year study of post-brushing methods of mouth 
rinsing and the incidence of caries in children who brushed with 
fluoride dentifrice, children who were not in the habit of using 
a cup but wet their toothbrushes, scooped up water with their 
hands, or placed their mouth under the tap to rinse it had sig-
nificantly fewer caries than those who rinsed their mouths thor-
oughly using a cup for rinsing (3). A study that compared 
post-brushing mouth-rinsing habits in adults also found that 
those who had more caries rinsed their mouths significantly 
more often, used more water, and had significantly lower 
post-brushing salivary fluoride concentrations (4).
　Preventing the loss of fluoride from the mouth by refraining 
from spitting out during brushing, rinsing with water only a few 
times after brushing, and other means of supplying as much flu-
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Table 1. Combinations of dentifrices and rinsing methods
Group Dentrifices Rinsing volume Frequency of rinsing Reasons of various rinsing methods
①
②
③
④
⑤
⑥
⑦
New paste
New paste
New paste
Original paste
New gel
New gel
Original gel
15 ml
25 ml
30 ml
15 ml
25 ml
  0
25 ml
1
2
4
1
1
0
1
New rinsing method of new dentifrice
Former rinsing method of new dentifrice
Large amount of rinsing method of new dentifrice
New rinsing method of original dentifrice
Former rinsing method of new dentifrice
New rinsing method of new dentifrice
Former rinsing method of  original dentifrice
oride as possible to the oral environment have been suggested 
as ways of improving the caries-preventing effect of fluoride 
dentifrice (5). Most Japanese are in the habit of brushing their 
teeth at least twice a day (6), but they use only a small amount 
of dentifrice (7-9) and rinse their mouths several times with 
large amounts of water after brushing (9-11), which tends to re-
duce the caries-inhibiting effect of fluoride dentifrice. Dr. 
Shimoido of our department (12) has proposed a method of 
toothbrushing for adults that consists of selecting a dentifrice 
with a fluoride concentration of close to 1,000 ppm, using at 
least 0.5 g of this dentifrice, refraining as far as possible from 
spitting out during brushing, and rinsing the mouth out at the 
conclusion of brushing with less than 25 ml of water for under 
4 s once or twice. In this study, we compared the salivary fluoride 
concentration after brushing with either a newly formulated 
NaF dentifrice containing hydroxyethyl cellulose dimethyl dia-
llyl ammonium chloride cationated cellulose or the original 
product, in order to investigate the effect of low-volume mouth 
rinsing on salivary fluoride retention.
Subject and Methods
1. Subjects and materials
　This study was approved by the Ethics Committee of 
Kanagawa Dental University (no. 165). Subjects were 7 adults 
(3 males, 4 females) of mean age 40.8±11.2 years.
　The products used in these experiments were Check-Up 
StandardⓇ paste and Check-Up GelⓇ (new products created by 
blending the original products with cationated cellulose, and 
original products alone; 950 ppmF as NaF, Lion Dental 
Products Tokyo).
2. Methods
　Table 1 shows the combinations of dentifrices and mouth-rins-
ing methods used. Experiment (1): rinsing once with 15 ml of 
water after brushing with the new paste; experiment (2): rinsing 
twice with 25 ml water after brushing with the new paste; experi-
ment (3): rinsing four times with 30 ml of water after brushing 
with the new paste; experiment (4): rinsing once with 15 ml of 
water after brushing with the original paste; experiment (5): 
rinsing once with 25 ml of water after brushing with the new 
gel; experiment (6): brushing with the new gel without rinsing; 
and experiment (7): rinsing once with 25 ml of water after brush-
ing with the original gel.
　All experiments were performed on weekday mornings. 
Subjects first brushed their teeth with non-fluoride dentifrice 
and rinsed their mouths thoroughly with distilled water, after 
which unstimulated whole saliva was collected for 5 min at rest 
(to measure the baseline salivary fluoride concentration). They 
then brushed their teeth with 0.5 g of the appropriate dentifrice 
for each experiment for 3 min 30 s, and after spitting out once, 
rinsed their mouths with the volume of distilled water stipulated 
for that experiment. Residual suspended solids on the tooth-
brush, substances spat out after brushing, and substances spat 
out during rinsing were collected as far as possible. Whole sali-
va was collected six times for 5 min, immediately after the end 
of the experiment (0 min) and 15, 30, 60, 120 and 150 min later. 
Subjects engaged in deskwork until the end of saliva collection, 
during which time they were forbidden to eat or drink. The sam-
ples were diluted as required, equal volumes of TISAB II were 
added, and fluoride concentration was measured with a fluoride 
ion electrode. The amount of fluoride remaining in the mouth 
was calculated from the difference between the amount of fluo-
ride in the dentifrice used and the amount collected outside the 
mouth.
　During the experiment, subjects were instructed to brush their 
teeth with a non-fluoride dentifrice from after their evening 
meal two nights before the experiment until the experiment 
itself. A washout period of at least two days was left between 
measurement days. Statistical tests used are described in the 
Results section.
Results
　Salivary fluoride concentration after using fluoride dentifrice 
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Figure 2. (A) Changes over time in salivary fluoride concentration after toothbrushing with gel dentifrice. (B) AUC of salivary fluoride 
concentrations after toothbrushing with gel fluoride dentifrice. **p＜0.01.
Figure 1. (A) Changes over time in salivary fluoride concentration after toothbrushing with paste dentifrice. (B) AUC of salivary fluoride 
concentrations after toothbrushing with paste fluoride dentifrice. *p＜0.05 , **p＜0.01.
was greatest immediately after brushing and then declined 
steeply in all experiments, with a mean concentration after 150 
min of 0.04 ppm. We also calculated the areas under the curve 
(AUCs) for salivary fluoride concentration up to 150 min after 
use. The salivary fluoride concentration results are shown in 
Figures 1A and 1B for the pastes and Figures 2A and 2B for gels.
　One-way analysis of variance (ANOVA) followed by multiple 
comparison testing of AUCs (Scheffē’s multiple comparision 
test) for each experiment showed that for the paste dentifrice 
shown in Figure 1B there were significant differences between 
experiments (1) and (2), (1) and (3), (4) and (2), and (4) and (3). 
In particular, fluoride retention was lowest in experiment (3), 
which used high-volume rinsing four times with 30 ml of water. 
Salivary fluoride concentrations immediately after experi-
ments (1) and (4) were 7.4 ppm and 7.2 ppm, respectively, with 
the concentration 0.2 ppm higher after the new dentifrice was 
used, but although it subsequently also remained high there 
were no significant differences in AUCs.
　For the gel dentifrice shown in Figure 2B, there were sig-
nificant differences in salivary fluoride concentration immedi-
ately after brushing and in the AUCs between experiments (5) 
and (6) and experiments (6) and (7). Similarly to the paste denti-
frice, there were no significant differences when the same meth-
od was used with the new and original products in experiments 
(5) and (7).
　Figure 3 shows the amount of fluoride remaining in the mouth 
after brushing. The highest figure was 126.2 µg in experiment 
(6), in which gel dentifrice was used without rinsing. The high-
est value for paste dentifrice was 93.6 µg in experiment (1), in 
which rinsing was performed once with 15 ml of water, and the 
lowest value was 72.0 µg in experiment (3), when rinsing was 
performed four times using a total of 120 ml of water. One-way 
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Figure 3. Amount of fluoride retained in the mouth after dentifrice
use in each experimental group.
Figure 4. Correlation of rinsing times and salivary fluoride retention 
as AUC after toothbrushing with gel fluoride dentifrice.
Figure 5. Correlation of rinsing times and salivary fluoride retention 
as AUC after toothbrushing with paste fluoride dentifrice.
Figure 6. Correlation of the amount of fluoride retained in the mouth
and fluoride retention as AUC after toothbrushing with gel fluoride 
dentifrice.
ANOVA followed by Scheffē’s multiple comparison test 
showed that there were significant differences in ANOVA 
(p＜0.05), however, there were no significant differences in 
Scheffēs test. In experiments (5), (6) and (7) with gel dentifrice, 
there were significant differences between experiments (5) and 
(6) and experiments (6) and (7) (ANOVA, p＜0.001; Scheffē’s. 
multiple comparison, p＜0.001). The amount of fluoride re-
maining in the mouth after brushing clearly differed when dif-
ferent numbers of rinses and amounts of water were used. 
　We performed single regression analysis separately for paste 
and gel dentifrices with the AUCs for salivary fluoride concen-
tration up to 150 min after brushing as Y and volume of water, 
number of rinses, and amount of fluoride remaining in the 
mouth in each experiment as X. This showed that the number 
of rinses and the volume of water used have a strongly negative 
correlation with AUCs, and that the amount of fluoride remain-
ing in the mouth exhibited a strongly positive correlation. These 
results are shown in Figures 4 and 6 for the gel dentifrices and 
Figures 5 and 7 for the paste dentifrices.
　In order to investigate the effects of factors influencing sali-
vary fluoride concentration, such as the number of rinses, vol-
ume of water, amount of fluoride remaining in the mouth, sali-
vary fluoride concentration before the start of the experiment 
(baseline value) and volume of saliva secretion, we carried out 
stepwise multiple regression analysis with the AUC as the target 
variable (Y). Volume of water (X1), baseline salivary fluoride 
(X2) and the amount of fluoride remaining in the mouth (X3) 
were selected as explanatory variables, and the following re-
gression formulae were used: for paste dentifrice, Y＝−21.5 
−0.3X1＋1668.8X2＋0.9X3 (p＜0.001); for gel dentifrice, 
Y＝−63.7−3483.4X2＋2.3X3 (p＜0.001).
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Figure 7. Correlation of the amount of fluoride retained in the mouth
and fluoride retention as AUC after toothbrushing with paste 
fluoride dentifrice.
Discussion
　In order to improve the caries-preventing effects of fluoride 
dentifrice, it is important to both increase the amount of fluoride 
supplied to the mouth and to reduce the amount flushed out of 
the mouth by post-brushing rinsing (5). Japanese, however, are 
in the habit of brushing with a small amount of dentifrice (7-9) 
and rinsing their mouths several times with large amounts of wa-
ter after brushing (9-11). It is impracticable to dramatically re-
duce the number and volume of rinses, solely out of consid-
eration for increasing fluoride retention in the mouth after 
brushing, as this leaves an unpleasant aftertaste. In our depart-
ment, we have therefore investigated methods of increasing the 
time for which the salivary fluoride concentration is maintained 
at over 0.05 ppm, regarded as the lower limit for promoting re-
mineralization, after brushing using the fluoride dentifrice (13).
　Taking into account Japanese circumstances, our recom-
mendations for adults comprise selecting a dentifrice with a flu-
oride concentration of close to 1,000 ppm, using at least 0.5 g 
of this dentifrice, refraining as far as possible from spitting out 
during brushing, and rinsing the mouth out at the conclusion of 
brushing with less than 25 ml of water for under 4 s once or twice, 
and we have worked to promote their widespread adoption (12). 
Fifteen years later, we investigated the use of a new fluoride den-
tifrice formulated with cationated cellulose (14), as well as the 
practicability of decreasing the amount of rinsing, with the aim 
of increasing fluoride retention on the surface of the teeth after 
brushing. We found that after brushing with a mildly flavored 
dentifrice, restricting rinsing to once for 4 s with 15 ml of water 
was acceptable to general consumers (15). In this study, we in-
vestigated the efficacy of low-volume rinsing after brushing 
with a new fluoride dentifrice. Cury et al. (16) stated that fluo-
ride concentration in whole saliva can be used as an indicator 
of fluoride bioavailability, while Rolla & Ekstrand (17) found 
that fluoride retention in the oral reservoir following fluoride 
dentifrice use was affected by the fluoride level in whole saliva. 
We therefore used fluoride retention in whole saliva as an in-
dicator in our experiments.
　From our experimental results, whether the new or original gel 
and paste dentifrices were used, increasing the number and vol-
ume of rinses significantly decreased salivary fluoride retention 
after fluoride dentifrice use, which may very well also decrease 
its caries-preventing effects. The effects of rinsing with a large 
volume of water (30 ml×4) in experiment (3) meant that fluoride 
retention in the mouth was very low. Fluoride retention was sig-
nificantly higher in experiment (1) than in experiment (2), 
which used the previously proposed method of rinsing. 
Nevertheless, although the AUC in experiment (1) was 10 
ppm×min higher than in experiment (4), which adopted the 
same rinsing method used in experiment (1) for the original den-
tifrice, this difference was not significant.
　For gel dentifrices, Shimoido (12) proposed rinsing once for 
less than 4 s with less than 25 ml of water after tooth brushing. 
Experiments (5) to (7) using the gel type were therefore de-
signed as shown in Table 1. We found that although the rinsing 
method was the same, the AUC was 9 ppm×min higher in ex-
periment (5), using the cationated cellulose formulation, than 
in experiment (7), which used the original dentifrice, although 
this difference was not significant. Based on the high fluoride 
retention seen in experiment 6, in which no post-brush rinsing 
was performed, we should consider recommending the patients 
with high caries risk use gel dentifrice without rinsing for the 
second brushing when double brushing.
　In this study, which used saliva as the test substance, we found 
no significant differences in salivary fluoride concentration as 
a result of the effects of the new dentifrice, which contained an 
improved coating material compared with the original product. 
Although a study by Kubota et al. (14) found that fluoride re-
tention on the tooth surface after brushing with the new product 
was better than with the original product, increasing retain-
ability on the surface does not appear to promote fluoride re-
tention in the oral environment. Further studies into fluoride re-
tention on the surface of human teeth after fluoride dentifrice 
use are necessary.
Conclusion
　We found that large-volume mouth rinsing (rinsing numerous 
times with a large amount of water) reduces the amount of fluo-
ride retained in the mouth, and that fluoride retention in the 
mouth after brushing gradually decreases. This tendency is evi-
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dent similarly for both paste and gel dentifrices. Increasing the 
number of rinses also increases the volume of water used. In 
light of the results of experiment (6), in which only one 
post-brushing spit and no rinsing are allowed, brushing actions 
would ideally be improved so as to avoid rinsing, but people are 
generally unwilling to accept the notion of not rinsing. If 25 ml 
is regarded as the volume of a single mouthful in adults, it may 
be more effective and practicable consciously to restrict the 
number of rinses to once or twice.
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